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NATIONAL

FOREWORD

This Indian Standard (Part 5) (First Revision) which is identical with IS0 31-5 : 1992, issued by the International Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the Basic Standards Sectional Committee (MSD 1) and approval of the Management and Systems Division Council. The text of the IS0 Standard has been approved as suitable for publication as Indian Standard without deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is particularly drawn to the following: Comma (J has been used as a decimal marker while in Indian Standards the current practice is to use a point (.) as the decimal marker. Wherever the words `International read as `Indian Standard'. This standard was first published a) b) Standard' appear, referring to this standard, they should be

in 1983. In this revision, following

changes have been made: (CIPM) in 1980

The decision by the International Committee for Weights and Measures concerning the status of supplementary units has been incorporated; and A number of new items have been added e.g. active energy.

In the adopted standard, normative references appear to certain International Standards for which Indian Standards also exist. The corresponding Indian Standards which are to be substituted in their place are listed below along with their degree of equivalence for the edition indicated: International Standard IEC 27-1 : 1991 Corresponding Indian Standard IS 3700 (Part 1) : 1983 Letter Symbols and signs used in electric technology : Part 1 General guidance, on symbols and subscripts (first revision) Degree of Equivalence Equivalent

ADDITIONAL

INFORMATION parts, under the general title `Quantities Corresponding Indian Standard IS 1890 (Part 0) : 1995 Quantities and units : Part 0 General principles (first revision) IS 1890 (Part 1) : 1995 Quantities and units : Part 1 Space and time (third revision) IS 1890 (Part 2) : 1995 Quantities and units : Part 2 Periodic and related phenomena (second revision) and Units': Degree of Equivalence Identical

IS 189O/ISO 31 consists of the following International Standard IS0 31-O : 1992

IS0 31-1 : 1992

Identical

IS0 31-2 : 1992

Identical

(Continued on third cover)
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Indian Standard
QUANTITIES AND UNITS
PART 5 ELECTRICITY ( AND MAGNETISM

First Revision )

1

Scope

This part of IS0 31 gives names and symbols for quantities and units of electricity and magnetism. Where appropriate, conversion factors are also given.

part of IS0 31 are encouraged to investigate the possibility of applying the most recent edition of the standard indicated below. Members of IEC and IS0 maintain registers of currently valid International Standards. IEC 27-l : 1992, Letter symbols to be used in electrical technology - Part 7: General.

2

Normative reference

The following standard contains provisions which, through reference in this text, constitute provisions of this part of IS0 31. At the time of publication, the edition indicated was valid. All standards are subject to revision, and parties to agreements based on this

3

Names and symbols

The names and symbols for quantities and units of electricity and magnetism are given on the following Rages.

IS 1890 (Part5)
IS0 31-5 : 1992

: 1995

ELECTRICITY .r 8
Item No. 8' nT E k :`p

AND MAGNETISM

Quantities

Quantity

Symbol

Definition

Remarks

5-l

67

electric current

I

Electric current is one of the base quantities on which the SI is based. For alternating current see the introduction, subclause 0.5.3.

5-2

52

electric charge, quantity of electricity volumic charge, volume density of charge, charge density areic charge, surface density of charge electric field strength

Q

Integral of electric current over time

For alternating current see the introduction, subclause 0.5.3. IEC does not give "charge density" or "volumic charge".

5-3

54

iA 07)

Charge divided by volume

5-4

53

Q

Charge divided by surface area

IEC does not give "areic charge".

5-5

55

E

Force, exerted by electric field on an electric point charge, divided by the electric charge

For alternating current see the introduction, subclause 0.5.3.

2
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Units

ELECTRICITY

AND MAGNETISM

Item No.

Name of unit

International symbol for unit

Definition

Conversion factors and remarks

5-l .a

ampere

A

The ampere is that constant electric current which, if maintained in two straight parallel conductors of infinite length, of negligible circular cross-section, and placed 1 metre apan in vacuum, would produce between these conductors a force equal to 2 x IO-' newton per metre of length lC=lA.s The unit ampere hour, 1 A. h = 3,6 kC (exactly), is used for storage batteries.

5-2.a

coulomb

C

5-3.a

coulomb per cubic metre

C/m3

5-4.a

coulomb per square metre

C/m2

5-5.a

volt per metre

Vim

1 V/m = 1 N/C

3

IS 1890 (Part 5) : 1995
IS0 31-5: 1992

ELECTRICITY AND MAGNETISM (continued)

Quantities

Quantity

Symbol

Definition

Remarks

j-6.1

56

electric potential

V, rp

For electrostatic fields, a scalar quantity, the gradient of which, with reversed sign, is equal to the electric field strength.
E = grad

IEC gives rp as reserve symbol.

V IEC also gives "voltage" For alternating current see the introduction, subclause 0.5.3.

i-6.2

57

potential difference, tension

For electrostatic fields, the potential difference between point 1 and point 2 is the line integral from 1 to 2 of the electric field strength. V = p, - (p2 = 1%. rl dr

j-6.3

58

electromotive force

E

Energy supplied by a source divided by the electric charge transported through the source Vector quantity, the divergence of which is equal to the volumic charge. div D = Q See 5-l 0.1. Displacement

j-7

60

electric flux density

D

is also used.

j-8

59

electric flux

Y

Across a surface element, the scalar product of the electric flux density and the surface element. Y=JD.e,dA

Flux of displacement used.

is also

5-9

61

capacitance

C

Charge divided by potential difference
D=&

5-10.1

62

permittivity

E

IEC also gives "absolute permittivity, (capacitivity)" for E.
Eg = l/(k$:) =

5-l 0.2

206

electric Constant, permittivity of vacuum

Eg

IO' F/m 4Xx299792458' (exactly) = 8,854 188 x 1O-`* F/m

4
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Units

ELECTRICITY

AND MAGNETISM

(continued)

Item No.

Name of unit

International symbol for unit

Definition

Conversion factors and remarks

5-6.a

volt

V

lV=l

W/A

5-7.a

coulomb per square metre

C/m2

5-8.a

coulomb

C

L

5-9.a

farad

F

1 F=l

C/V

5-l 0.a

farad per metre

F/m

5

IS0

IS 1890 (Part 5) : 1995 31-5: 1992

ELECTRICITY AND MAGNETISM (continued) II
Quantity Symbol Definition

Quantities

Item No.

;z

E $j %g

Remarks

5-l 1

63

relative permittivity

E,

E, = E/&o

IEC also gives "(relative capacitivity)".

5-12

63a

electric susceptibility electric polarization

X, Xe

X:&r--l

5-13

65

P

P=D-Q,E

IEC gives D, as reserve symbol.

5-14

66

electric dipole moment

PI O-43)

Vector quantity, the vector product of which with the electric field strength of a homogenous field is equal to the torque. pxE=T

5-15

68

areic electric current, electric current density

J, (9

Vector quantity, the integral of which over a given surface is equal to the electric current flowing through that surface. I=$ J.e, dA

j is also used. IEC does not give "areic electric current".

5-16

69

lineic electric current, linear electric current density magnetic field strength

A, (a)

Electric current in a conducting sheet divided by the width of the sheet

IEC does not give "lineic electric current".

5-17

70

H

Vector quantity, the rotation (curl) of which is equal to the sum of the electric current density and the time derivative of the electric flux density. J+=

rot H=

at

6
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Jnits

ELECTRICITY

AND MAGNETISM

(continued)

Item No.

Name of unit

International symbol for unit

Definition

Conversion factors and remarks

j-11.a

one

1

See the introduction, 0.3.2. See the introduction, 0.3.2.

subclause

j-1 2.a

one

1

subclause

j-1 3.a

coulomb per square metre coulomb metre

C/m2

j-14.a

Cm m

3-15.a

ampere per square metre

A/m2

5-16.a

ampere per metre

A/m

5-l 7.a

ampere per metre

A/m

7
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ELECTRICITY .f g
Item No. 0;: , a EI; Q

AND MAGNETISM

(continued)

Quantities

Quantity

Symbol

Definition

Remarks

5-18.1

71

magnetic potential difference

U,, (u)

On a given path, the magnetic potential difference between point 1 and point 2 is the line integral from 1 to 2 of the magnetic field strength along that path. U,,, = lrzH. dr rl

IEC gives .!J as symbol and 6%as reserve symbol.

5-18.2

72

magnetomotive force current linkage

F, F,

/;`=$H.dr

IEC gives F symbol.

as reserve

5-l 8.3

72a

0

Net electric conduction current through a closed loop Vector quantity such that the force exerted on an element of electric current is equal to the vector product of this element and the magn,etic flux density. F=IAsxB

When 0 results from N equal electric currents I, 0 = NI.

5-19

73

magnetic flux density, magnetic induction

B

5-20

74

magnetic flux

(D

Across a surface element, the scalar product of the magnetic flux density and the surface element. @=jB.e,dA Vector quantity, the rotation (curl) of which is equal to the magnetic flux density. B= rot A

5-21

75

magnetic vector potential

A

8
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`Jnits

ELECTRICITY

AND MAGNETISM

(continued)

Item No.

Name of unit

International symbol for unit

Definition

Conversion factors and remarks

5-I 8.a

ampere

A

\

/

5-l 9.a

tesla

T

1 T = 1 N/(A am)

1 T = 1 Wb/m2 = 1 V . s/m2

S-20.a

weber

Wb

1 Wb=l

V-s

5-21 .a

weber per metre

Wb/m

9
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ELECTRICITY .F g
Item No. a;: <k ;g

AND MAGNETISM

(continued)

Quantities

Quantity

Symbol

Definition

Remarks

3-22.1

76

self inductance

L

For a thin conducting loop, the magnetic flux through the loop, caused by an electric current in the loop, divided by that current

5-22.2

77

mutual inductance

M, L,,,, For two thin conducting
loops (m and n), the magnetic flux through one loop, due to an electric current in the other loop, divided by that current

5-23.1

78

coupling factor

k, (x)

For inductive coupling k = lL,lI~

5-23.2 5-24.1

79 80

leakage factor permeability

a P

a=1

-k2 IEC also gives "absolute permeability" for p. ~,=4x~lO-`H/m (exactly) = 1,256 637 x 1O-6 H/m

B=pH

5-24.2

207

magnetic constant, permeability of vacuum relative permeability magnetic susceptibility magnetic moment, electromagnetic moment

p0

5-25

81

fir

Pr = cl/PO

5-26

82

H, (x,)

X=&-l

5-27

83 -

m

Vector quantity, the vector product of which with the magnetic flux density of a homogeneous field is equal to the torque.

IEC also gives "magnetic area moment". IEC also defines the quantity magnetic dipole moment, j = porn.

mxB=T 5-28 84
magnetization M, (Hi) JTf= (Blcco) - H IEC gives H,.

M.

5-29

85

magnetic polarization

Jt (4)

J=B-P#

IEC gives

B,, J.

1 IO
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Units

ELECTRICITY AND MAGNETISM (continued)

Item No.

Name of unit

International symbol for unit

Definition

Conversion factors and remarks

5-22.a

henry

H

1 H = 1 Wb/A

1 H=l

V-s/A

5-23.a

one

1

See the introduction, 0.3.2.

subclause

5-24.a

henry

per metre

H/m

5-25.a

one

1

See the introduction, 0.3.2. See the introduction, 0.3.2.

subclause -

5-26.a

one

1

subclause

5-27 .a

ampere metre

square

A. m*

The quantity magnetic dipole moment has the unit Wb . m.

5-28.a

ampere metre tesla

per

A/m

5-29.a

T

11
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ELECTRICIN AND MAGNETISM (continued) .E j
Item No. $ f E & `p Quantity Symbol Definition

Quantities

Remarks

5-30

42

volumic electromagnetic energy, electromagnetic energy density Poynting vector

W

Electromagnetic field energy divided by volume.

w=+(E.D+B4)

5-31

102

S

Vector product of electric field strength and magnetic field strength.

The magnitude of the Poynting vector is the power flux density.

S=ExH

5-32.1 k)

25 (23

phase velocity of electromagnetic waves, phase speed of electromagnetic waves velocity of electromagnetic waves in vacuum, speed of electromagnetic waves in vacuum

c

5-32.2 (5-32.1)

201

c, co

co= I/&&-= 299 792 458 m/s (exactly) If the symbol c is used for the speed in a medium, co should be used for the speed in vacuum. IEC gives only co.

5-33

87

resistance (to direct current)

R

Electric potential difference divided by current when there is no electromotive force in the conductor G= 1/R

For alternating 5-44.3.

current, see

5-34

89

conductance (for direct current) power (for direct current) resistivity

G

For alternating 5-45.3. For alternating 5-49.

current, see

5-35 (-) 5-36 (5-35. I) 5-37 (5-36. 7)

43

P

P = UI

current, see

88

e

E=eJ
Y = l/e x is used in

90

conductivity

electrochemistry. 12
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Units

ELECTRICITY

AND MAGNETISM

(continued)

Item No.

Name of unit

lnternational symbol for unit

Definition

Conversion factors and remarks

5-30.a

joule per cubic metre

J/m3

5-31 .a

watt per square metre

W/m2

5-32.a

metre per second

m/s

t

5-33.a

ohm

R

1 Zz = 1 V/A

5-34.a

siemens

S

lS=lC'

5-35.a

watt

W

1 W=l

V.A

5-36.a

ohm metre

Q-m

5-37.a

siemens per
metre

S/m

13
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ELECTRICITY 3
E 6 19

AND MAGNETISM

(continued)

Quantities

Item No.

jz

Quantity

Symbol

Definition

Remarks

j-38

91

reluctance

R, Rm

5-37.7)

Magnetic potential difference divided by magnetic flux

IEC gives .B as a reserve symbol.

5-39 5-38. 7) S-40.1 5-39.7) j-40.2 5-39.2) J-41.1 -)

92

permeance

A# (0

A = l/R,

104

number of turns in a winding number of phases

N

105

M

18 (76)

frequency

flv

Number of cycles divided by time

IEC gives v as reserve symbol.

5-41.2 -)

19 (77)

rotational frequency

n

Number of revolutions ided by time

div-

5-42 k--)

21 (79)

angular frequency, pulsatance

w

W = 2rrf

14
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Jnits

ELECTRICITY

AND

MAGNETISM

(continued)

Item No.

Name of unit

international symbol for unit

Definition

Conversion factors and remarks

j-38.a

reciprocal henry, henry to the power minus one

H-'

j-39.a

henry

H

j-40.a

one

1

See the introduction, 0.3.2.

subclause

j-41 .a

hertz

Hz

1 Hz = 1 s-'

1 Hz is the frequency of a periodic phenomenon of which the period is 1 s.

j-41 .b

reciprocal second, second to the power minus one

S

-1

The designations "revolutions per minute" (r/min) and "revolutions per second" (r/s) are widely used as units for rotational frequency in specifications on rotating machinery. Languagedependent abbreviations such as the English rev/min and rpm (revolutions per minute) and rev/s and rps (revolutions per second), and the French tr/min (tours par minute) and tr/s (tours par seconde), are not recommended.1)

1) See also IEC 27-l. 5-42.a

radian per second

rad/s

See the introduction,
0.3.2.

subclause

5-42.b

reciprocal second, second to the power minus one

S

-1

15
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ELECTRICITY AND MAGNETISM (continued) .E g
Item No. jj; E c; `y Quantity Symbol Definition

Quantities

Remarks

543

103

phase difference

Q,

[540.1)

WhFn u = u^ cos ox and i = i cos(ot-rp), then cpis the phase difference

See also the introduction, subclause 0.3.2. (tit - rp) is called the phase of i. IEC gives 9 as reserve symbol. Remark on 5-43 to 5-52: see also introduction, subclause 0.5.3.

5-44.1 (5-4 1. I)

93

impedance, (complex impedance)

Z

The complex representation of potential difference divided by the complex representation of current

Z = JZI el' = R + jX

5-44.2 [5-41.2)

93

modulus of impedance, (impedance)

IZI

IZI =

F

R +X

When there is no risk of confusion the name impedance can be used for the quantity 5-44.2. R

5-44.3 (5-41.4)

87

resistance (to alternating current)

Real part of impedance

5-44.4 (547.3)

94

reactance

X

Imaginary part of impedance

X = WL - --&for an inductive reactance and a capacitive reactance in series.

16
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Jnits

ELECTRICITY

AND MAGNETISM

(continued)

Item No.

Name of unit

International symbol for unit

Definition

Conversion factors and remarks

j-43.a

radian

rad

See the introduction, 0.3.2.

subclause

543.b

one
c*

1

3-44.a

ohm

a

17
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ELECTRICITY AND MAGNETISM (concluded) .f B
Item No. P,;: 2 k $0 Y= l/Z Quantity Symbol Definition

Quantities

Remarks

5-45.1 (5-43.1)

97

admittance, (complex admittance) modulus of admittance, (admittance)

Y

Y = lY/e -lp=G+jB=-

R - jX
M2

5-45.2 (5-43.2)

97

IYI

IYI = When

F

G

+ B

there is no risk of confusion, the name admittance can be used for the quantity 5-45.2.

5-45.3 (5-43.4)

89

conductance alternating current) susceptance

(for

G

Real part of admittance

5-45.4 (S-43.3) 5-46 (5-42.7) 5-47
(-3

98

B

Imaginary part of admittance

95

quality factor

Q
d

9

For non-radiating systems, if Z = R + jX, then Q = IXl/R
d= l/Q

10'1b

loss factor

5-48
(3 5-49

96

loss angle

d

d = arctan d

99

active power

P

P = + /:i

dt

(544.1) 5-50.1 (-) 5-50.2
w

0 100 apparent power s, (P,) s = I/I

p = ui is the instantaneous power. When u = u^cos ot = If- 2ucos iix

101

reactive power

Q, pQ
1

Q* = S* - p*

and
i = F COS(ot-rp) =

5-51 (-)

101 a

power factor

1 =

P/S

J- 2 I cos(ot--rp),

then
P=ulcos~ Q = UI sin cp

,I= 5-52 !-) IOlc active energy WV(W,)
W =
Jui

cos rp

dt

18
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Jnits

ELECTRICITY AND MAGNETISM (concluded)

Item No.

International Name of unit symbol for unit Definition Conversion factors and remarks

5-452

siemens

S

S-46.a

one

1

See the introduction, 0.3.2. See the introduction, 0.3.2. See the introduction, 0.3.2.

subclause

5-47.a

one

1

subclause

S-48.a

radian

rad

subclause

S-49.a

watt

w

J-50.a

volt ampere

V-A

IEC has adopted the name and symbol var for the volt ampere as unit for reactive power.

5-51 .a

one

1

See the introduction, 0.3.2.

subclause

5-52.a joule J ___________-__-_--_-------_-_---------__5-52.b watt hour W-h 19 1 kW.h=3,6 MJ
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Annex A (informative) Three-dimensional equations and quantities
quantity of dimension one equal to unity in vacuum. The speed of light appears explicitly in some of the equations combining electric and magnetic quantities in such a way that the permeability turns out to be a quantity of dimension one equal to unity in vacuum. The Gaussian system of equations is written in nonrationalized form. The relation of the Gaussian quantity to the corresponding four-dimensional quantity is always given in the "Conversion factors and remarks" column on the left-hand page. Some of the essential equations of the Gaussian system are given in annex 8. The Gaussian quantities which belong to the threedimensional Gaussian system are commonly measured in units of the Gaussian CGS system with the three base units centimetre, gram and second.2)

Different three-dimensional systems of equations have be& developed for electric and magnetic quantities based on the three base quantities length, time Only the so-called Gaussian or and mass. "symmetric" system of equations is still used. Further details are given for information in the IUPAP-SUN Publication, 1987.`) Physical quantities defined through this system of equations in terms of the three base quantities are called Gaussian quantities. The symbol chosen for each Gaussian quantity is that of the corresponding quantity in the system with four base quantities, with the subscript s (symmetric) added. The Gaussian system of equations defines the electric charge as a derived physical quantity, on the basis of Coulomb's law for the force between two Gaussian electric charges, by taking the permittivity to be a

1) IUPAP-SUN stands for International Union of Pure and Applied Physics, commission for Symbols, Units and Nomenclature. 2) IEC does not give this system. 21
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IS0 31-5:

: 1995

1992

SAUSSIAN
Item No.

SYSTEM
Quantity Symbol Definition Remarks

Quantities

5-1,

Gaussian electric current

I,

Gaussian electric charge crossing a surface divided by time

I, = 1/(41tq,)"~ &c= 10"[-2(4~)-' For [, see 5-l .a,. F/m

5-2,

Gaussian electric charge, Gaussian quantity of electricity

Q,

The Gaussian electric charge is defined by F =

Q, = Q/(~Iu,,)"~

Q,,Q,dr*

where F is the force in vacuum and r is the distance between two points with Gaussian electric charges Q,, and QS2 Es = E/(4x&c)l/2

5-5,

Gaussian electric field strength

ES

Force, exerted by an electric field on an electric charge, divided by the Gaussian electric charge

1-6.1,

Gaussian electric potential

V,, qps

For electrostatic fields, a scalar quantity, the gradient of which, with reversed sign, is equal to the Gaussian electric field strength

V, = V/(43)"*

5-7,

Gaussian electric flux density

D,

Vector quantity, the divergence of which is equal to 4x times the Gaussian charge density. div D, = 4x@ S

This quantity is sometimes called electric induction. D, = D(4x/e0)t'*

j-g9

Gaussian capacitance

CS

Gaussian charge divided by Gaussian potential difference

c, = C/4X&c

5-I 1,

Gaussian permittivity

Gaussian electric flux density divided by the Gaussian electric field strength

The Gaussian permittivity is identical with the relative permittivity. ES= E, = E/&c

22
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Units
Item No. Name of unit International symbol for unit Definition

GAUSSIAN

SYSTEM

Conversion factors and remarks

5-l .a,

Gaussian CGS unit of electric current

1 Gaussian CGS unit of electric current = 1 cm3/2 . g1/2 . SW2

When I, = 1 cm3" . g'12 . sm2, the electric current is I = 10 c-' A = 3,335 64 x IO-" A. The number C is defined by c = C cm/s where c is the speed of light in vacuum. [ = 2,997 924 58 x IO" (exactly). When Q, = 1 cm312. g'12. s-l, the electric charge is Q = 10 C-' C = 3,335 64 x lo-" C. For C, see remark to 5-l .a,.

5-2.a,

Gaussian CGS unit of electric charge

This unit of charge is that Gaussian electric charge which exerts on an equal charge at a distance of 1 centimetre in vacuum a force of 1 dyne, and is thus equal to 1 cm3/2 . g'j2 . s-l

5-5.a,

Gaussian CGS unit of electric field strength

1 Gaussian CGS unit of electric field stren th = 1 cm-`/2. g"2 . s-?

When Es = 1 cm-"2. g"2 . s-`, the electric field strength is E=10-6cV/m= 2,997 924 58 x IO4 V/m (exactly) For C, see remark to 5-l .a,. When V, = 1 cm"2. g"2 . s-`, the electric potential is V=lO-s[V=2,99792458x102\ (exactly). For C, see remark to 5-l .a,. When D, = 1 cm-1'2. g1'2 - s-l, the electric flux density is D = 105 I-`-' C/m2 = 2,654 42 x IO-' C/m2. For I, see remark to 5-l .a,. When C, = 1 cm, the capacitance is C = IO' c-2 F = 1,112 65 x lo-l2 F. For C, see remark to 5-l .a,.

5-6.a,

Gaussian CGS unit of electric potential

1 Gaussian CGS unit of electric potential = 1cm112. g1j2 . s-'

5-7.a,

Gaussian CGS unit of electric flux density

1 Gaussian CGS unit of electric flux density = 1 cm-`/2. g'/2 . s-'

5-9.a,

Gaussian CGS unit of capacitance, centimetre one

cm

1 Gaussian CGS unit of capacitance = 1 cm

5-11 .a, 1
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GAUSSIAN SYSTEM (concluded)
Item No. 5-12,
Quantity

Quantities
Definition Remarks

Symbol

Gaussian electric susceptibility Gaussian electric polarization

xs

xs = (El - 1)/4x

xs = (4&X

5-l 3,

P,

41rP, =D, -Es

P, = P/(4rrs(p2

5-17,

Gaussian magnetic field strength

Hs

Vector quantity, the rotation (curl) of which is equal to the sum of 4x/c times the Gaussian electric current density and (1/c) times the time derivative of the Gaussian electric flux density. trot H,=4xJ,+---J. a0

H, = (H/~X4x/e,,)"~ = H(~x/J,)"~

at
B, =B~(4xq,t'~ =B(~x/&'~

5-l 9,

Gaussian magnetic flux density, Gaussian magnetic induction

B,

Vector quantity such that the force exerted on an element of current is equal to, (1 /c) times the vector product of the element of Gaussian electric current and the Gaussian magnetic flux density. F=;I, AexD,

5-20,

Gaussian magnetic flux

0,

Across a surface element, the scalar product of the surface element and the Gaussian magnetic flux density. OS = $ B, - en dA

OS = ~c(4xEo)1'2 = @(4x/&)l'2

5-25*

Gaussian permeability

Gaussian magnetic flux density divided by the Gaussian magnetic field strength

The Gaussian permeability is identical to the relative permeability cls = Clr= p/&J

5-26*

Gaussian magnetic susceptibility Gaussian magnetization

X,

xs = (cc,- 1)/4x

X, = (4&X

5-28*

M,

MS = (B, - HJ4x

MS = M(/L~/~x$'~ = J/(4rrj~,)"~
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Units
Item No: ,Name of unlt international symbol for unit I Definition

GAUSSIAN SYSTEM (concluded)
Conversion factorsand remarks

5-I 2.a,

one

5-I 3.a,

Gaussian CGS unit of electric polarization

I Gaussian CGS unit of electric olgrization = , ,,-l/F. gl/*. s-1

When P, = I cm-"*. g"* . s-l, the polarization is P = lo5 Cm' C/m* = 3,335 64 x IO-' C/m*. For C, see remark to 5-I .a,. When H, = I Oe, the magnetic field strength is H = I03(4x)-' A/m = 79,577 5 A/m.

5-17.a,

Gaussian CGS unit of magnetic field strength, oersted

Oe

1 Oe = 1 cm-lJ2. g"* . s-l

5-I 9.a,

Gaussian CGS unit of magnetic flux density, gauss

Gs

1 Gs = 1 cm-`/*.

g'/* . s-'

When B, `= 1 Gs, the magnetic flux density is B = IOe4 T. The symbol G is used in physics.

5-20.a,

Gaussian CGS unit of magnetic flux, maxwell

Mx

I Mx = 1 cm3j2 . g'/* . s-'

When OS = I Mx, the magnetic flux is 0 = IO-*\r;b.

5-25.a,

one

I

5-26.a,

one

I

5-28.a,

Gaussian CGS unit of magnetization

I Gaussian CGS unit of magnetization = , cm-1/*. g'/* . s-1

When MS = I cm-"*. g"* . s-l, the magnetization is M = I O3 A/m and the magnetic polarization is
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Annex B (informative) Examples of relations in different systems of equations
Quantities occurring in the second column of equations which differ from the corresponding quantities in the first column of equations are written with
a subscript s (symmetric).

This annex is also given in the IUPAP-SUN Publication, 1987.

tern No.

Subject

Rationalized system of equations with four base quantities (the system used in the main text of this part of IS0 31)
rot

Gaussian system of equations with three base quantities (the system used in annex A)

1

E = -

aBlat

c rot Es = -

ae,lat

2 3
4 1

div D = e Maxwell's equations div B = 0 rot H= J+aD/at F=QE q,~,E = SE = D D = Q/47v2

div D, = 47~~~ div B, = 0 c rot H, = 4xJ, +

aDslat

5 6
7

Force on charge Q in electric field E Relation between E and D Electric flux density at distance r from charge

F=Qs4
srEs = D,
D, =

Q,lr*

Q
8 Electric flux density at a conducting surface with surtace density of charge o Force between charges Q, and Q2 at distance r apart in a dielectric Capacitance of two parallel plates, area A, distance d apart Capacitance of isolated sphere, radius r Relation between E and V in electrostatics Poisson's equation in electrostatics in vacuum D = c D, = 4x0,

9

F = QlQ2/4xsr2

F =

Q,,, Q&r*

10

C = AC/d

C, = A&,/4xd

11 12 13 14 15

C = 4rrsr

c, = E,T

E = AV = -

grad
Q/so

V

Es = -

grad

V,

AV, = - 4x@, V, =

Potential at distance r from charge Q in vacuum Potential at position r with respect to an electric dipole in vacuum

V = Q/4xsor V = p - r/4xeor3

Qh

V, = ps - r/r3
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Examples of relations in different systems of equations (continued) Rationalized system of equations with four base quantities (the system used in the main text of this part of IS0 31)

Item No.

Subject

Gaussian system of equations with three base quantities (the system used in annex A)

16

Electric dipole moment of charges Q separated

by6
17 Potential energy of electric dipole in an electric field Electric dipole moment p of volume element Az with polarization P Energy density of electric field Force on charge Q moving with velocity u in a magnetic field Force on current element I AS in magnetic field B Relation between B and H Magnetic field strength due to charge Q moving with velocity u Magnetic field strength due to current element I As Magnetic field strength at distance r from a linear conductor Magnetic field strength in a solenoid of length 1 with N turns Force between two parallel linear conductors length 1 a distance d apart in vacuum Relation between B and vector potential A of

p = Qs

ps =

Qs*

W= -p-E

W= -p,.E,

18

p=PAr

ps =P,

AZ

19

w = D . E/2

w = D, . E,/8x

20

P=QvxB

F = Q,v x B,lc

21

F=IAexB

F = IS As x BJc

22 23

B= go@=

D

BS = k& HS = Q,u x r/cr3

If = Qu x r/4xr3

24

H = I A8 x r/4xr3

Hs = I, As x r/u3

25

H = I/2xr

H, = 2IJcr

26

H = NI/l

H, = 4~Nl,/cl

27

F/f = p,,I,I,/2nd

F/l = 21s,,Is,2/c2d

28

B = rot A
d2A -= -pJ

B, = rot A,
Ms.-1 a2A ___-._%=_4x

29

Wave equation for vector potential in vacuum

M

- 1

c2 at2 at

c2 at2 c at

c

Js

30

Lorentz gauge condition for A

divA+~~=O c2

r-Jiv A,+-?-av,=o

31

General relation between E, V and A

E= - grad V-a

at

Es=-

grad Vs-rat 1 aAs
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Examples

of relations

in different

systems

of equations

(concluded)

Item No.

Subject

Rstionalized system of equations with four base quantities (the system used in the main text of this part of IS0 31) I surround-

Gaussian system of equations with three base quantities (the system used in annex A)

32

Electromagnetic moment of current ing a plane surface of area A Potential energy netic field of magnetic dipole

m = IA

m, = ISA/c

33

in a mag-

W= -m.B

W= -m,.B,

34

Electromagnetic moment m of volume AT with magnetization M Energy Poynting density vector of magnetic field

element

m = M A7

m,=M,Az

35 36

w=B.H/2

w=

B, *H,/a7t
x H,

S=ExH

s = (c/4x)E,
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